Prader-Willi syndrome (PWS) represents the most common form of genetic obesity. Several studies confirm that obesity is associated with inflammation, oxidative stress and impairment of antioxidant systems; however, no data are available concerning PWS subjects. We compared levels of plasma lipids and C-reactive protein (CRP) in 30 subjects of 'normal' weight (18.5-25 kg/m 2 ), 15 PWS obese (>30 kg/m 2 ) subjects and 13 body mass index (BMI)-matched obese subjects not affected by PWS. In all subjects, we evaluated the levels of lipid hydroperoxides and the activity of paraoxonase-1 (PON1), an enzyme involved in the antioxidant and anti-inflammatory properties exerted by high-density lipoproteins (HDLs). Furthermore, using the fluorescent molecule of Laurdan, we investigated the physicochemical properties of HDLs isolated from normal weight and obese individuals. Altogether, our results demonstrated, for the first time, higher levels of lipid hydroperoxides and a lower PON1 activity in plasma of obese individuals with PWS with respect to normal-weight controls. These alterations are related to CRP levels, with a lower PON1:CRP ratio in PWS compared with non-PWS obese subjects. The study of Laurdan fluorescence parameters showed significant modifications of physicochemical properties in HDLs from PWS individuals. Whatever the cause of obesity, the increase of adiposity is associated with inflammation, oxidative stress and alterations in HDL compositional and functional properties.
INTRODUCTION
Environmental and genetic factors are involved in the development of human obesity, a predisposing factor for cardiovascular diseases (CVDs) (Zalesin et al., 2011) . Prader-Willi syndrome (PWS), a complex disorder associated with elevated morbidity and mortality both in paediatric and in adult ages (Whittington et al., 2001) , is the most common form of genetic obesity. PWS is due to the absent expression of the paternally active genes in the PWS critical region on chromosome 15 (Cassidy and Driscoll, 2009 ). The syndrome affects multiple body systems; the most consistent major manifestations include muscular hypotonia, hyperphagia, childhoodonset obesity, short stature, hypogonadism and developmental delay (Cassidy and Driscoll, 2009; Faienza et al., 2011) . Adults with PWS die prematurely from complications conventionally related to obesity, including type 2 diabetes mellitus (DM2), respiratory insufficiency and CVD (Einfeld et al., 2006; Patel et al., 2007) . In this respect, we have previously demonstrated a cardiac cause of death in 58% of adults with PWS (Grugni et al., 2008) .
Inflammation, oxidative stress and other metabolic changes related to the increased adiposity could be involved in the development of complications in obese subjects (Higdon and Frei, 2003; Vincent and Taylor, 2006; González-Chávez et al., 2011; Thaler and Schwartz, 2010; Monteiro and Azevedo, 2010; Bondia-Pons et al., 2012) . In fact, in addition to serving as a storage depot for lipid energy, adipose tissue is a metabolically active endocrine organ able to secrete a large variety of proteins -including inflammatory cytokines and hormone-like factors, such as leptin, adiponectin and resistin -that can have local effects on adipose tissue physiology but also systemic effects on other organs (Bastard et al., 2006) . Furthermore, it has been demonstrated that interleukin-6 (IL-6), tumour necrosis factor- (TNF) and leptin secreted by adipose tissue exert a pro-atherogenic effect and modulate signal transduction and gene expression (Vincent and Taylor, 2006; Higdon and Frei, 2003; González-Chávez et al., 2011) .
The aim of this study was to investigate, for the first time, whether PWS is associated with oxidative stress and alterations of functional and physicochemical properties (order, polarity) of high-density lipoproteins (HDLs). Therefore, we compared the levels of lipid hydroperoxides and activity of the antioxidant and antiinflammatory enzyme paraoxonase-1 (PON1) in 30 subjects of 'normal' weight (18.5-25 kg/m 2 ), 15 PWS obese (>30 kg/m 2 ) subjects and 13 body mass index (BMI)-matched obese individuals not affected by PWS. The physicochemical properties of HDLs isolated from plasma from normal-weight controls and obese individuals have been investigated by the use of Laurdan [2dimethylamino-(6-lauroyl)-naphthalene], a fluorescent molecule widely used to investigate the physicochemical properties of model membrane and lipoproteins (Parasassi et al., 1991; Dousset et al., 1994; Ferretti et al., 2004; Ferretti et al., 2010a) .
RESEARCH REPORT
Previous studies have already demonstrated a relationship between obesity, oxidative stress and PON1 in animal models of obesity (Thomas-Moya et al., 2008) and in non-PWS obese subjects (Ferretti et al., 2005; Bajnok et al., 2007; Ferretti et al., 2010b; Koncsos et al., 2010) . The interest to further investigate oxidative stress and HDL functions in obesity and in PWS is supported by recent studies that have demonstrated that HDLs exert several physiological effects. HDLs have a role in reverse cholesterol transport, and behave as antioxidant, antithrombotic and antiinflammatory particles (Barter et al., 2004; Negre-Salvayre et al., 2006; Scanu and Edelstein, 2008; Podrez, 2010) . The antiinflammatory role of HDLs has been previously demonstrated in human studies and in animal models (Säemann et al., 2010; Murphy and Woollard, 2010) . Different molecular mechanisms involving either the enzyme PON1 or HDL lipid composition have been hypothesized. The inflammatory process begins with the oxidation of low-density lipoprotein (LDL) in the artery wall (Hansson and Libby, 2006) . Endothelial cells activated by oxidized LDLs express several adhesion proteins. Monocytes adhere to stimulated endothelial cells. Once monocytes bind to adhesion proteins on the surface of endothelial cells, they are available for recruitment into the subendothelial space by chemokines such as monocyte chemotactic protein-1 (MCP-1). The ability of HDLs to inhibit the oxidation of LDLs and cell membranes and to promote macrophage cholesterol efflux through the action of associated proteins, particularly PON1, reduces the inflammation related to atherosclerosis (Mackness et al., 2004; Goswami et al., 2009; Mackness and Mackness, 2010) . The discovery that human HDLs inhibit endothelial cell adhesion molecules and MCP-1 is thus of potentially great importance because they reduce the recruitment of blood monocytes into the artery wall. Moreover, HDLs inhibit also the expression of endothelial cell adhesion proteins induced by C-reactive protein (CRP), an acute-phase protein synthesized by the liver in response to inflammation (Barter et al., 2004) .
RESULTS

Blood biochemistry data
Clinical data, and plasma lipid and apoprotein levels in normalweight subjects (controls), and obese PWS and non-PWS subjects are shown in Table 1 . BMIs of PWS and non-PWS obese subjects were similar. No significant differences between controls, PWS and non-PWS obese subjects were found for glucose, triglycerides (TGs), total cholesterol (TC), LDL or HDL levels (Table 1) . The mean levels of apoprotein A1 (Apo-A1) in plasma in both groups of obese individuals were significantly lower with respect to controls (P<0.01). The levels of CRP, a well-recognized marker of inflammation, were in the order PWS obese<non-PWS obese<normal-weight controls, and the differences were statistically significant ( Table 2 ; P<0.05). To investigate whether the levels of CRP are related to BMI, we compared CRP levels in non-PWS and PWS obese subjects in three different subgroups of BMI (kg/m 2 ): 30.1-39.9; 40-49.9; >50. As summarized in Table 2 , PWS and non-PWS obese subjects with the highest BMIs showed the highest levels of CRP; moreover, in each BMI range, CRP levels were significantly higher in PWS subjects when compared with non-PWS obese subjects (P<0.05).
Lipid hydroperoxides and PON1 activity
The mean values of the levels of hydroperoxides in plasma of PWS and non-PWS obese subjects were significantly higher (5.2±0.5 mol/l and 6.2±0.6 mol/l, respectively) with respect to normalweight controls (2.1±0.1 mol/l; P<0.001) ( Fig. 1 ). No significant differences were observed in PWS with respect to non-PWS obese subjects (Fig. 1) .
The values for PON1 activity in plasma of normal-weight controls ranged from 71 to 369 U/ml of plasma, with a mean value of 197±91 U/ml. In plasma of non-PWS obese subjects, the values of PON1 activity ranged from 10 to 81 U/ml (mean value: 56±24 U/ml) and in PWS subjects ranged from 23 to 80 U/ml (mean value, 44±212 U/ml). As shown in Fig. 1 , the mean values of PON1 activity in non-PWS and PWS obese subjects were significantly lower with respect to normal-weight controls (P<0.001). No significant difference has been demonstrated between the two groups of obese subjects ( Fig. 1) .
To investigate whether the levels of CRP and PON1 activity are related to BMI, we studied the PON1:CRP ratio in the three groups of subjects. The ratio PON1:CRP was in the order PWS obese<non-PWS obese<normal-weight controls ( Table 2 ). The mean values were significantly different (P<0.05). Furthermore, the PON1:CRP ratio was related to BMI; a lower ratio was observed in PWS and non-PWS obese individuals with higher BMI (Table 2) . Moreover, in each BMI range, the PON1:CRP ratio was significantly lower in PWS obese subjects when compared with non-PWS obese subjects (Table 2) .
HDL physicochemical properties
The mean value of emission maximum of Laurdan incorporated in HDLs of normal-weight controls was 426.4±1.1 nm, in agreement with our previous studies (Ferretti et al., 2010a; Ferretti et al., 2004) . The emission spectra of Laurdan in HDLs of non-PWS (433.5±7.5 nm) and PWS (442.21±3.28 nm) obese subjects showed a red shifted position of the maximum emission with respect to normalweight subjects (P<0.001).
In HDLs of controls, the generalized polarization (Gp) value was 0.483±0.003. As summarized in Fig. 2 , the mean values of Gp in HDLs of non-PWS (0.437±0.037) and PWS (0.393±0.042) obese subjects were significantly lower with respect to normal-weight subjects (0.483±0.003; P<0.01) (Fig. 2 ).
Table 1. Clinical characteristics and plasma parameters in normalweight, non-PWS obese and PWS obese subjects
Apo-A1 (mg/dl) 159±14 128±21* 140±28 *P<0.01 vs normal-weight subjects evaluated by ANOVA. Apo-A1, apoprotein A1; BMI, body mass index; HDL-C, cholesterol associated with high-density lipoproteins; LDL-C, cholesterol associated with low-density lipoproteins; TC, total cholesterol; TG, triglycerides; WC, waist circumference.
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DISCUSSION
Obesity is associated with oxidative stress, as demonstrated in animal models and in human studies (Higdon and Frei, 2003; Vincent and Taylor, 2006; Bondia-Pons et al., 2012; Ferretti et al., 2005; Ferretti et al., 2010b) . In the present study we confirmed a significant increase in lipid hydroperoxides and a decrease in the activity of the antioxidant and anti-inflammatory enzyme PON1 in plasma of non-PWS obese individuals with respect to normalweight subjects, in good agreement with previous studies carried out by us and by other authors (Higdon and Frei, 2003; Ferretti et al., 2005; Vincent and Taylor, 2006; Ferretti et al., 2010b; Bondia-Pons et al., 2012) . For the first time, we demonstrate an increase in the levels of lipid hydroperoxides and a decrease in the activity of the enzyme PON1 in plasma of PWS obese subjects, in the absence of significant changes of plasma lipids [TC, cholesterol associated with LDLs (LDL-C), TG]. The relationship between CRP levels and BMI in both groups of obese subjects confirms that increased adiposity is associated with a low-grade systemic inflammation in these individuals (Visser et al., 1999; Höybye, 2006; Butler et al., 2006; Caixàs et al., 2008; Viardot et al., 2010) . Our results demonstrated that CRP levels were significantly higher in PWS obese subjects when compared with non-PWS obese subjects. These results are in agreement with previous studies that demonstrated higher levels of CRP and proinflammatory cytokines, such as IL-18 and IL-6, in obese adults with PWS, in comparison with non-PWS obese subjects (Caixàs et al., 2008; Butler et al., 2006) .
Alterations of CRP levels and of serum PON1 activity could reflect modifications of their hepatic synthesis. In fact, inflammatory cytokines, such as IL-6 and TNF, secreted by human adipose tissue stimulate the hepatic synthesis of CRP and downregulate PON1 hepatic expression (Kumon et al., 2003) . Therefore, the low grade of inflammation associated with obesity could explain the lower PON1 activity and increased lipid peroxidation levels in PWS. In agreement with our hypothesis, previous studies have shown a relationship between PON1 activity and CRP levels. Higher plasma levels of CRP are associated with low PON1 activity (Kannampuzha et al., 2010) and a decrease of the PON1:CRP ratio has been observed in individuals with diabetes or end-stage renal disease with respect to healthy subjects (Nowak et al., 2010; Lahrach et al., 2008; Mackness et al., 2006) . Both the increase in CRP concentration and the decrease in PON1 activity in serum can disturb the subtle equilibrium between these two parameters. It has been suggested that the PON1:CRP ratio could be a useful indicator of disturbances between the intensity of inflammation processes and anti-inflammatory and antioxidant effects of the HDL fraction, whose functions are closely related to PON1 activity (Mackness et al., 2006) . In agreement with these studies, a relationship between serum concentrations of CRP and PON1 activity has been demonstrated; in fact, PWS and non-PWS obese subjects with the highest CRP values showed the lowest PON1 activity. We demonstrated also a lower PON1:CRP ratio in obese PWS compared with obese non-PWS individuals in the same range of BMI. This finding might be related to the different amounts of fat tissue in the two obese groups. In this context, it is known that BMI is not an exact measure of adiposity in PWS, because it underestimates the percentage of body fat. In fact, individuals with PWS harbour a higher fat mass than non-PWS obese subjects, with the same degree of weight excess. In this light, a limitation of this study is the lack of measurement of body 
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composition of our subjects. Dual-energy X-ray photon absorptiometry (DEXA) seems to be the best available technique to evaluate body composition, but its use was impracticable for our study because the weight of the majority of PWS subjects exceeds the instrumental capacity. However, we have evaluated waist circumference (WC) as index of central obesity and no difference was detected between obese individuals with PWS and non-PWS obese subjects.
Other hypotheses could be formulated to explain the decrease of PON1 activity in PWS and non-PWS obese subjects. The significant decrease in the activity of the enzyme PON1 in plasma of obese PWS individuals compared with normal-weight controls could be related to the higher levels of lipid hydroperoxides (Aviram et al., 1998; Ferretti et al., 2005; Ferretti et al., 2010b) and/or to modifications of lipid-apoprotein interactions of HDL in obese individuals with PWS. In fact, PON1 is a lipid-dependent enzyme whose secretion by the liver, stability and stimulation of activity are modulated by HDL composition (James and Deakin, 2004) . Apo-A1, the main apoprotein of HDL, seems to be of major importance in defining serum PON1 activity and stability (James and Deakin, 2004) . The lower plasma levels of Apo-A1 in PWS and non-PWS obese subjects compared with normal-weight controls suggest alterations in lipid-Apo-A1 interactions at the HDL surface. Modifications of physicochemical properties of HDL in PWS and non-PWS individuals compared with controls have also been demonstrated using the fluorescent molecule Laurdan. Following the currently accepted model for the structure of lipids within the core and surface of lipoproteins, Laurdan is anchored by its lauric tail into the hydrophobic core of the lipoprotein phospholipid layer, with its polar naphthalene fluorescent moiety residing at the level of the glycerol backbone of phospholipids; therefore, it monitors the properties of the outer surface of the particle (Parasassi et al., 1991) . The lower value of Gp and red shifted position of the maximum emission of the fluorescent molecule of Laurdan incorporated in HDLs of PWS and non-PWS obese subjects demonstrate a lower molecular order and a higher polarity in the microenvironment of the fluorescent probe with respect to HDL isolated from normal-weight subjects. We could expect that the alterations of compositional and physicochemical properties of HDLs in obese subjects, probably related to modifications of lipidapoprotein interactions and/or to the increased level of oxidation, could contribute to the modifications of PON1 activity. The modifications of physicochemical properties of HDL of obese subjects have been demonstrated in the absence of significant modifications of plasma lipids routinely evaluated to study plasma lipid metabolism.
Obesity and PWS are associated also with hyperleptinaemia (Haqq et al., 2011; Proto et al., 2007; Thaler and Schwartz, 2010; Oswall and Yeo, 2010) . The role of leptin in HDL alterations deserves future study. Previous studies on human obesity by us and other authors have demonstrated that higher levels of leptin are associated with higher levels of lipid hydroperoxides and are negatively correlated with plasma PON1 activity (Ferretti et al., 2005; Koncsos et al., 2010) . Moreover, it has been demonstrated that leptin behaves as a hydrophobic peptide that can bind to HDLs and that it could directly inhibit the PON1 enzyme (Holub et al., 1999) .
Further studies are also necessary to investigate the role of growth hormone (GH) in PWS. In fact, subjects with PWS are known to be GH deficient (Grugni et al., 2009) . GH is reported to be associated with increased systemic inflammation, oxidative stress and endothelial dysfunction , and GH replacement reduces free radical products in plasma of GHdeficient subjects .
In conclusion, whatever the cause of obesity, the increase of adiposity is associated with inflammation, oxidative stress, and alterations in Apo-A1 levels and HDL structural and functional properties, in agreement with our previous studies (Ferretti et al., 2005; Ferretti et al., 2010b) . The alterations of PON1 activity are related to CRP: the PON1:CRP ratio is significantly lower in PWS compared with non-PWS obese subjects; therefore, our results demonstrate metabolic differences between PWS and non-PWS obese subjects.
As far as the physiological relevance of our results is concerned, it has to be stressed that HDLs exert several physiological roles and the multifunctional enzyme PON1 is able to modulate HDL function. PON1 is able to prevent the accumulation of oxidized lipids from lipoproteins (HDLs and LDLs) and membranes, preventing the atherogenic and inflammatory response induced by lipid peroxidation products (Goswami et al., 2009; Mackness et al., 2004; Mackness and Mackness, 2010) . Previous studies have demonstrated that systemic inflammation and oxidative stress convert HDLs to a dysfunctional form that loses anti-inflammatory and anti-atherogenic effects Ragbir and Farmer, 2010) . We hypothesize that HDL and PON1 are a common link between oxidative stress and inflammation in human obesity. Oxidized HDLs and the decrease in PON1 activity could contribute to the exacerbated inflammation in subjects with PWS and non-PWS obesity.
METHODS
Chemical substances
Butylated hydroxytoluene (BHT), dihydrogen sulfate (H 2 SO 4 ), methanol, paraoxon (diethyl p-nitrophenyl phosphate), phosphate-buffer saline (PBS), sodium chloride (NaCl), iron (II) ammonium sulphate, Tris (hydroxymethyl)aminomethane, Lipid peroxidation in Prader-Willi syndrome
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sodium chloride (NaCl), magnesium chloride (MgCl 2 ), calcium chloride (CaCl 2 ) and xylenol orange were obtained from Sigma Chemical (St Louis, MO). The fluorescent probe 2dimethylamino-(6-lauroyl)-naphthalene (Laurdan) was purchased from Molecular Probes Inc. (Eugene, OR).
Genetic and clinical characteristics of subjects included in the study
A total of 15 obese subjects with genetically confirmed PWS, nine females and six males, aged 21-40 years were included in the study (Table 1) . All patients showed the typical PWS clinical phenotype. Thirteen subjects had interstitial deletion of the proximal long arm of chromosome 15 and two had uniparental maternal disomy for chromosome 15. Physical examination included determination of height, weight and waist circumference (WC) in fasting conditions and after voiding. Standing height was determined by a Harpenden Stadiometer (Holtain Ltd, Crymych, Dyfed, UK). Body weight was measured to the nearest 0.1 kg, by using standard equipment. BMI was defined as weight in kilograms divided by the square of height in meters (kg/m 2 ). WC was measured in standing position halfway between the inferior margin of the ribs and the superior border of the crista. According to World Health Organization criteria, the BMI cut-off points of 18.5-25 kg/m 2 to define normal weight, >25-30 kg/m 2 to define overweight and >30 kg/m 2 to define obesity were used. Central obesity was defined when WC was >94 cm for men and >80 cm for women (Alberti et al., 2009 ). All PWS subjects showed central obesity. WC ranged from 113 and 141 cm in males and from 78 and 172 cm in females (Table 1) .
PWS individuals were compared with two different groups of subjects. The first group included 13 individuals with obesity due to excessive caloric intake (non-PWS obese subjects) (eight females and five males), matched to PWS subjects for age (range 28-48 years old), BMI (range 30.5-55 kg/m 2 ) and WC [range 108-143 cm (males) and 81-134 cm (females)] ( Table 1 ). The second group included 30 normal-weight healthy control subjects (BMI ranging from 18.5 to 25.2 kg/m 2 ) (controls), 16 females and 14 males, aged 27-52 years ( Table 1) . All obese patients were chosen from those admitted to the Italian Auxological Institute for evaluation and cure of obesity and its complications. Both PWS and non-PWS obese subjects were diet-free 30 days prior to beginning the study, and none of them was performing standardized physical activity.
Normal-weight controls and obese subjects were not taking lipidlowering drugs, angiotensin-converting enzyme (ACE) inhibitors or antioxidants, or other medication that can affect lipid metabolism, including GH therapy. At the time of the study, none exhibited evidence of cardiac or renal failure and all were euthyroid with normal liver function tests and normal values for plasma urea, creatinine and electrolytes. Furthermore, subjects having a current or recent illness were excluded from the study, because modifications of PON1 activity were described in humans during the acute phase response (Van Lenten et al., 1995) . Informed consent was obtained from each participating subject or by their parents when necessary. The study was approved by the ethics committee of Italian Auxological Institute and was carried out in accordance with the principles of the Declaration of Helsinki as revised in 2000.
Biochemical parameters in plasma of subjects included in the study
Blood samples of all subjects were collected at 8 a.m., after overnight fasting, in heparin-containing vacutainer tubes. Plasma was separated by low-speed centrifugation (1600 g) at 4°C for 20 minutes and thereafter used to evaluate biochemical parameters.
Plasma levels of glucose, lipids and CRP Enzymatic methods (Roche Molecular Biochemicals, Mannheim, Germany) were used for determination of blood glucose (Frost, 2004) , total cholesterol (TC) (Roeschlau et al., 1974) , LDLcholesterol (LDL-C) (Nauck et al., 2000) and triglycerides (TG) (McGowan et al., 1983) . A direct HDL-cholesterol assay was used to evaluate HDL-cholesterol (HDL-C) (Warnick and Wood, 1995) . Apo-A1 was assessed by immunonephelometry (Lopes-Virella et al., 1980) on IMMAGE analyzer (Beckman) and CRP was measured by immunoturbidimetric assay (Roche, Mannheim, Germany) (Borque et al., 2000) . PON1 activity PON1 activity was measured in plasma from all subjects using paraoxon (diethyl 4-nitrophenyl phosphate) as substrate, as previously described by Rock et al. (Rock et al., 2008) ; in fact, the hydrolysis of paraoxon seems most closely related to the inverse relationship with coronary heart disease (Mackness et al., 2003) . The assay was conducted at a temperature of 37°C in a microplate reader (Synergy HT). Briefly, an aliquot of plasma (10 l) was resuspended in a basal assay mixture (5 mM Tris-HCl, pH 7.4 containing 0.15 M NaCl, 4 mM MgCl 2 , 2 mM CaCl 2 and 1.0 mmol/l paraoxon). Paraoxon hydrolysis was kinetically monitored for 8 minutes (every 15 seconds) at 412 nm. Non-enzymatic hydrolysis of paraoxon was subtracted from the total rate of hydrolysis. The enzyme activity was calculated by KC4 software. Previous studies have reported that intraand inter-assay variation, as well as inter-laboratory variability for PON1 activity, was <10%. These results establish good reproducibility of the PON1 enzymatic assays (Huen et al., 2009) .
Levels of lipid hydroperoxides
The extent of lipid peroxidation in plasma was determined using the ferrous oxidation-xylenol orange (FOX) assay (Nourooz-Zadeh, 1999) . Briefly, aliquots (200 l) of plasma were mixed with 1800 l of FOX-reagent [250 M ammonium ferrous sulphate, 100 M xylenol-orange, 25 mM H 2 SO 4 and 4 mM BHT in 90% methanol (v/v) in 100 ml]. After incubation at room temperature for 30 minutes, samples were centrifuged at 2900 g for 10 minutes. The supernatant was carefully decanted into a cuvette and the absorbance was determined at 560 nm. The levels of lipid hydroperoxides were quantified using a stock solution of t-butyl hydroperoxide. The results are shown as mol/l plasma. Previous studies have reported that the coefficient of variation for individual plasma using the FOX2 assay is <10% (Nourooz-Zadeh, 1999) .
HDL physicochemical properties
Preparation of plasma and human HDL Plasma was used for the preparation of lipoproteins. HDLs [density (d)1.063-1.210 g/ml] were isolated by single vertical spin density gradient ultracentrifugation for 1.30 hours at 473,200 g and dialyzed at 4°C for 24 hours against 10 mM PBS, pH 7.4 (Chung et al., 1986) .
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A pool of HDL from normal-weight subjects (C-HDL), non-PWS obese subjects (O-HDL) and PWS subjects (PWS-HDL), were used in the following experiments. Protein concentration of HDL was determined by the method of Bradford (Bradford, 1976) .
Fluorescence studies
Laurdan is an amphipathic fluorescent probe that localizes at the hydrophilic-hydrophobic interface of the lipoprotein surface with its lauric acid tail anchored in the phospholipid acyl chains region. Laurdan spectroscopic properties reflect the probe sensitivity to the polarity and to the dynamics of its environment (Parasassi et al., 1991) . Laurdan was incorporated into HDLs of all subjects as previously described (Dousset et al., 1994; Ferretti et al., 2004; Ferretti et al., 2010a) . Laurdan probe was dissolved in a 100% methanol solution (concentration 1 mM) and stored at -20°C. Briefly, an aliquot of Laurdan was incorporated with HDLs (100 g/ml of protein) for 30 minutes at 37°C, using a final probe concentration of 1 M. The fluorescence emission spectra of Laurdan were obtained using an excitation wavelength of 340 nm. The value of Gp of Laurdan was calculated using the formula: Previous studies demonstrated that the position of the maximum emission and the Gp value of Laurdan are sensitive to modifications of physicochemical properties in the microenvironment surrounding the probe. An increase of Gp indicates a decrease of polarity and an increase of molecular order, and vice versa (Parasassi et al., 1991) .
Data analysis
Statistical analysis was performed with SPSS 15.0 statistical software version. All experiments were performed in triplicate and the results were shown as mean ± s.d. The differences in all parameters between non-PWS obese, PWS obese subjects and normal-weight individuals were evaluated by one-way ANOVA. Post-hoc analysis was performed using the LSD test. Values were considered to be significant at P<0.05.
TRANSLATIONAL IMPACT
Clinical issue
Environmental and genetic factors are involved in the development of human obesity, a predisposing factor for cardiovascular disease (CVD) and other complications. The higher risk of CVD has been attributed to obesity-induced alterations in plasma lipids and lipoproteins [including low-and high-density lipoprotein (LDL and HDL, respectively)], inflammation, oxidative stress, and impaired antioxidant defenses. HDL protects against vascular disease owing in part to its antioxidant properties. The HDL-associated enzyme paraoxonase-1 (PON1) modulates the antioxidant and anti-inflammatory properties of HDLs: oxidatively modified HDLs have reduced PON1 activity and pro-inflammatory properties. Recently, roles for HDL-PON1 activity in lipid metabolism in human adipose tissue, and in the gut-brain axis, have been described.
Results
Here, the authors investigated lipid peroxidation products, the physicochemical properties of HDLs (with Laurdan fluorescent probe) and the activity of the PON1 in normal-weight subjects, obese subjects with Prader-Willi syndrome (PWS; the most common genetic form of obesity) and non-PWS obese subjects with a matched body mass index. They found higher levels of lipid hydroperoxides and a lower level of PON1 activity in the plasma of obese subjects with and without PWS compared with normal-weight subjects. These alterations in PON1 activity were not correlated with significant changes in overall plasma lipid levels. The ratio of PON1 activity to levels of C-reactive protein (CRP; a marker of inflammation) was lower in obese non-PWS subjects compared with normal-weight controls and, notably, the ratio in obese PWS subjects was lowest. In addition, the physicochemical properties of HDLs were significantly modified with respect to polarity and the order of lipoproteins in obese subjects with or without PWS, compared with normal-weight subjects.
Implications and future directions
Our results suggest that obesity, whether induced by genetics (as in PWS) or environmental factors, is associated with inflammation, oxidative stress, and alterations in the composition and functional properties of HDLs. Notably, this is the first report hat has examined such parameters in PWS subjects. The data also suggest that alterations in HDL and PON1 activity in obesity are related to oxidative stress and inflammation, and that further studies examining the role of these factors in obesity-associated pathologies -particularly CVD -are warranted.
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